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Description 

[POSITIONING APPARATUS AND 
POSITIONING METHOD USING THE SAME] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 93106927, filed March 16, 2004. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention generally relates to a positioning apparatus 
used in a factory and a positioning method using the 
same, and more particularly to a positioning apparatus 
and a positioning method using the same for directly po- 
sitioning a load port of a machine and an overhead hoist 
transport (OHT) system. 

[0004] Description of Related Art 

[0005] | n a factory of high-technology industry like a semicon- 
ductor manufacturing fab, most semi-products are moved 
via an OHT system to reduce the cost and the possibility 



of damage due to negligence. The OHT system is gener- 
ally set above all manufacturing machines, capable of 
picking one or more semi-products up form a machine 
after the process in that machine is complete and carrying 
them to another machine for the next process. Taking the 
OHT system in an ordinary semiconductor manufacturing 
fab as an example, it can pick up a front opening unified 
pod (FOUP) carrying multiple wafers from a machine, 
move the FOUP to above the load port of another ma- 
chine, and move the FOUP down to the load port. 
[0006] Hence, to make the manufacturing process smooth, align- 
ment between the OHT system and all machines is a very 
important issue. When there is a new machine added in 
the fab, in order to precisely align the load port of the new 
machine with the OHT system, one should first align the 
OHT system with a positioning point in the fab and then 
align the load port of the new machine with the position- 
ing point. However, such an indirect positioning method 
will increase not only the positioning error but also the 
positioning difficulty probably due to a long distance be- 
tween the positioning point and the machine and/or the 

hindrances between them. 
Summary of Invention 



[0007] | n V j ew 0 f the foregoing, an object of the present inven- 
tion is to provide a positioning apparatus capable of di- 
rectly positioning an OHT system and the load port of a 
machine, thereby increasing the positioning precision. 

[0008] Another object of the present invention is to provide a po- 
sitioning method that uses the positioning apparatus of 
the present invention to directly position the OHT system 
and the load port of a machine. 

[0009] The positioning apparatus for positioning a transport sys- 
tem and a load port of the present invention includes a 
signal emitting unit disposed on one of the transport sys- 
tem and the load port and a positioning board on the 
other. The signal emitting unit has two positioning points 
that emit two light beams to the positioning board. The 
positioning board has two holes at two positions corre- 
sponding to the two positioning points, which means that 
the two holes are aligned vertically with the two position- 
ing points when the load port is aligned with the transport 
system and the positioning board is horizontal. Accord- 
ingly, when the two light beams can pass through the two 
holes perpendicular to the positioning board in a horizon- 
tal state, the load port is aligned with the transport sys- 
tem. 



[0010] | n a preferred embodiment of the present invention, the 
positioning board further includes at least one beam 
monitoring device for monitoring collimation of at least 
one of the two light beams passing through the two holes. 
The beam monitoring device includes a light projection 
board and a reflecting mirror, while the light beam is re- 
flected to the light projection board via the reflecting mir- 
ror. 

[0011] The positioning method of the present invention using the 
above-mentioned positioning apparatus is described as 
follows. At first, the positioning board is disposed on the 
load port, and the signal emitting unit on the transport 
system. The positioning board is set to be horizontal, and 
the signal emitting unit is made emit two light beams to 
the positioning board, wherein the two light beams are set 
to be perpendicular to the surface of the latter. If the load 
port is not aligned with the transport system, the two light 
beams cannot pass through the two holes on the posi- 
tioning board and will generate two light spots on the po- 
sitioning board. A translational deviation and a rotational 
deviation of the load port in XY plane are obtained based 
on the positions of the two light spots relative to the two 
holes. The load port is then adjusted based on the trans- 



lational deviation and the rotational deviation until the 
two light beams can pass through the two holes on the 
positioning board. 

[0012] Because the above positioning method uses the position- 
ing apparatus of the present invention to directly position 
the OHT system and the load port of a machine, it is eas- 
ier than the conventional indirect positioning method and 
therefore can increase the positioning precision. 

[0013] The above is a brief description of some deficiencies in 
the prior art and advantages of the present invention. 
Other features, advantages and embodiments of the in- 
vention will be apparent to those skilled in the art from 
the following description, accompanying drawings and 

appended claims. 
Brief Description of Drawings 

[0014] FIG. 1 shows the positioning apparatus and the use 

thereof in accordance with a preferred embodiment of the 
present invention. 

[0015] FIG. 2 shows (a) the bottom view of a positioning FOUP as 
the signal emitting unit, and (b) the top view of the posi- 
tioning board. 

[0016] FIG. 3 shows the use of the positioning board in accor- 
dance with the preferred embodiment of the present in- 



vention. 

[0017] FIG. 4 shows the use of a beam monitoring device in the 

positioning board for monitoring collimation of a light 

beam in accordance with the preferred embodiment of the 

present invention, wherein (a) shows the result when the 

incident light beam is perpendicular to the positioning 

board and (b) shows the result when the incident light 

beam is not perpendicular to the positioning board. 
Detailed Description 

[0018] FIG. 1 shows the positioning apparatus and the use 

thereof in accordance with the preferred embodiment of 
the present invention. Referring to FIG. 1, the positioning 
apparatus 100 includes a positioning FOUP 110 and a po- 
sitioning board 120, which are disposed on an OHT sys- 
tem 30 and a load port 20 of a machine 10, respectively. 
The positioning FOUP 110 is used as a signal emitting unit 
mentioned above, having two laser emitters 112a and 
112b at the bottom thereof that can emit two laser beams 
114a and 114b toward the positioning board 120 below 
the FOUP 110. Ideally, the two laser beams 114a and 114b 
are perpendicular to the surface of the positioning board 
120. 

[0019] FIG. 2 shows (a) the bottom view of the positioning FOUP 



1 10 as the signal emitting unit, and (b) the top view of the 
positioning board. Referring to FIG. 2(a), there are two 
positioning points at the bottom of the FOUP 110 formed 
to be two laser beam exits 116a and 116b, through which 
the laser beams 114a and 114b can pass. Referring to FIG. 
2(b), the positioning board 120 has two holes 122a and 
122b at two positions corresponding to the above two po- 
sitioning points 116a and 116b, which means that the two 
holes 122a and 122b are right below the two positioning 
points 116a and 116b when the OHT system 30 and the 
load port 20 are aligned with each other and the position- 
ing board 120 is horizontal. Hence, the distance "d" be- 
tween the laser beam exits 116a and 116b is equal to the 
distance between the holes 122a and 122b. The position- 
ing board 120 also has coordination axes 124 thereon 
passing the two holes 122a and 122b, and may further 
include a leveler 126 for adjusting the horizontal level of 
the positioning board 120. 
[0020] FIG. 3 shows the use of the positioning board 120 in ac- 
cordance with the preferred embodiment of the present 
invention. When the OHT system 30 and the load port 20 
(FIG. 1) are not aligned with each other, i.e., when the two 
holes 122a and 122b on the positioning board 120 are 



not aligned with the two positioning points (laser beam 
exits) 116a and 116b on the FOUP 110, the laser beams 
114a and 114b (FIG. 1) cannot pass through the two holes 
122a and 122b and will generate two light spots 118a and 
118b on the positioning board 120. The translational de- 
viation and the rotation deviation 0 of the positioning 
board 120 in XY plane are then obtained based on the po- 
sitions of the light spots 118a and 118b relative to the 
two holes 122a and 122b. The load port 20 is adjusted 
according to the translational deviation and the rotational 
deviation until the laser beams 114a/b can pass through 
the holes 122a/b on the positioning board 120 without 
generating light spots. 
[0021] | n addition, as described above, when the laser beams 
114a and 114a can pass through the holes 122a and 
122b perpendicular to the surface of the positioning 
board 120 in a horizontal state, the load port 20 is 
aligned with the OHT system 30. Hence, if one cannot as- 
sure that the laser beams 114a and 114b are perpendicu- 
lar to the positioning board 120, at least one beam moni- 
toring device can be added in the positioning board 120 
to monitor collimation of at least one of the two laser 
beams 114a and 114b passing through the two holes 



122a and 122b. The beam monitoring device as shown in 
FIG. 4 includes a light projection board 130 and a reflect- 
ing mirror 128, and the laser beam (e.g., 114b) is re- 
flected to the light projection board 130 via the reflecting 
mirrorl28. The angle between the reflecting mirror and 
the positioning board 120 is, for example, 45 degrees, so 
that the direction of the laser beam 114b originally per- 
pendicular to the surface of the positioning board 120 is 
changed to be parallel to the same. In addition, the light 
projection board 130 has a circle pattern thereon for indi- 
cating the position of the light spot projected on the light 
projection board 130. 
[0022] As shown in FIG. 4(a), in this embodiment, when the laser 
beam 114b passes through the hole 122b perpendicular 
to the positioning board 120, it can be projected at the 
center of the light projection board 130. On the contrary, 
as shown in FIG. 4(b), when the laser beam 114b is not 
perpendicular to the positioning board 120, the projection 
position of the laser beam 114b on the light projection 
board 130 deviates from the center of the light projection 
board 130. At this point, one can fine tune the directions 
of the laser beams 114a and 114b according to the moni- 
tor result, and then calculate a new translational deviation 



and a new rotational deviation by using the positioning 
board 120. The load port 20 is adjusted again according 
to the calculation result until the two laser beams 114a 
and 114b can pass through the two holes 122a and 122b, 
and the above collimation monitoring step is conducted 
again to check whether the two laser beams 114a and 
114b are perpendicular to the positioning board 120. If 
the two laser beams 114a and 114b can pass through the 
two holes 122a and 122b perpendicular to the positioning 
board 120, the load port 20 is aligned with the transport 
system 30. Otherwise, the steps of adjusting the direc- 
tions of the laser beams 114a and 114b, calculating the 
translational deviation and the rotational deviation and 
adjusting the positioning board 120 accordingly are re- 
peated for at least one cycle, until the two laser beams 
114a and 114b can pass through the two holes 122a and 
122b perpendicular to the positioning board 120. 
[0023] | n addition, although using the light projection board 130 
to monitor collimation of a laser beam is easier, the 
present invention can alternatively use a light sensor to 
determine whether the laser beam is projected onto a cor- 
rect position. 

[0024] Furthermore, although it is the load port that is adjusted 



to align with the OHT system in the above embodiment, 
the OHT system may alternatively be adjusted to align 
with the load port under some circumstances according to 
the principle of the present invention. In addition, al- 
though in the above embodiment the signal emitting unit 
and the positioning board are disposed on the OHT sys- 
tem and the load port, respectively, the locations of the 
signal emitting unit and the positioning board can be 
switched. That is, the signal emitting unit and the posi- 
tioning board can alternatively be disposed on the load 
port and the OHT system, respectively, while the laser 
beams are emitted upward perpendicularly in such a case. 
[0025] Moreover, though the aforementioned positioning appara- 
tus is applied to a vertical alignment process, it can be 
modified to satisfy other situations. Generally speaking, 
when a positioning apparatus meets the following re- 
quirements, it falls within the scope of the present inven- 
tion. Such a positioning apparatus includes a signal gen- 
erating unit and a positioning unit, wherein the signal 
generating unit is disposed on one of two objects to be 
positioned and the positioning unit on the other. The sig- 
nal generating unit has two positioning points thereon ca- 
pable of emitting two light beams to the positioning unit, 



and the positioning unit has two holes at two specific po- 
sitions. Each of the two light beams can pass through a 
corresponding hole in a specific direction when the two 
objects are aligned with each other. 
[0026] The above description provides a full and complete de- 
scription of the preferred embodiments of the present in- 
vention. Various modifications, alternate construction, and 
equivalent may be made by those skilled in the art without 
changing the scope or spirit of the invention. Accordingly, 
the above description and illustrations should not be con- 
strued as limiting the scope of the invention which is de- 
fined by the following claims. 



